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Six-Lepton Z0 Resonance at the Large Hadron Collider

New physics models admit the interesting possibility of a Z0 weak boson 
associated with an extraU(1) gauge symmetry and a Higgs boson that is heavy 
enough to decay into a pair of Z bosons.Then Z0 production and decay via Z0 ! 
ZH ! ZZZ has a distinctive LHC signal that is nearlybackground free and 
reconstructs the H and Z0 masses and widths. The Z0 decay to 3 pairs of leptons
is especially distinctive. The ZH decay mode exists even if the Z0 is decoupled 
from leptons, which motivates an independent 6-lepton resonance search 
regardless of the dilepton search results.









Selected (pheno)research activity
• I)  Tightening the noose
With Enrico Lunghi (07; 08; 09;10..)
[Many similar past contributions e.g.: with Atwood, Gronau

(1997); with London (1997)]

.II) B-CP anomalies and SM4

• III)  Desperately seeking b’ (at CDF)
Discussions with Daniel Whiteson, Michael Wilson et al.. 

• IV) Composite Higgs @ the LHC
with Gad Eilam & Shaouly Bar-Shalom 



BDK(pi) on the lattice

• With C Aubin(W&M) & D Lin(NCTS, 
Taiwan)

• Target: 



1st Hint of confirmation of CKM
CP description Atwood &AS, hepph/0103197

New physics will be a perturbation, important
to use clean theory and lots of statistics.







Critical Role of the B 
factories in the 
verification of the KM 
hypothesis was 
recognized and cited by 
the Nobel Foundation

A single irreducible 
phase in the weak 
interaction matrix 
accounts for most of 
the CPV observed in 
kaons and B’s.

CP violating effects in 
the B sector are O(1) 
rather than O(10-3) as 
in the kaon system.

Courtesy: Tom Browder





---------------------------------------------------------------------------------------------------------------
"A special search at Dubna was carried out by E. Okonov and 
his group. They did not find a single KL π+ π- event among
600 decays into charged particles [12] (Anikira et al., JETP 
1962). At that stage the search was terminated by the 
administration of the Lab. The group was unlucky."

-Lev Okun, "The Vacuum as Seen from Moscow"
------------------------------------------------------------------------------------------------------

A lesson from history (I)

1964: BF= 2 x 10-3

A failure of imagination ? Lack of patience ?

2nd Adapted from Browder



Lunghi & AS (arXiv:0903.5059; 0803.4340)



Penguin vs box
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The “3-prong composite solution” to the 

SM4
(figure taken from: Chanowitz, Phys.Rev.D79:113008,2009)

The compositeness SM4 “spot”?

mH ~ O(1) TeV < 2mt’b’

mt’,b’ ~ O(500) GeVθ34 ~ O(0.1)

Direct searches

Further hints from:

compositeness

Flavor data

BAR-SHALOM,EILAM+AS,
arXiv:1001.0569



EILAM,BAR-SHALOM+AS



PARTING REMARKS: Group 
Issues



Noteable Features of HET
I. HET group is involved in diverse areas of HEP, 

precision EW, flavor, collider & LHC phenomenology 
and has a strong  lattice gauge effort.

II. Group has strong publication record ( list of recent 
pubs attached).

III. Several members have made groundbreaking 
contributions; many have won notable awards and 
many are serving on important committees.

IV. The group is extremely tightly coupled to important 
experimental programs, it has a long history of 
initiating important new projects and its work is 
superbly aligned with the DOE’s mission and priorities

Features recognized by ’08 DOE REVIEW



Summary of the comments of 
the panel of reviewers

• Many panelists thought that lab theory 
groups should clearly identify unique 
missions and contributions that can serve 
to distinguish them from university groups.

• Panel members generally had a favorable 
opinion of BNL-HET in this sense as they 
felt that it has “distinguished itself in this 
regard by providing strong support to the 
experimental program at BNL and in 
shaping DOE HEP programs”



With regard to the lattice 
activities

• The panel was quite surprised that in 
effect there was only 0.5 FTE actually 
involved in large scale lattice QCD 
simulations 

• Recent appointments of Taku Izubuchi
and Ruth Van De Water were seen as a 
positive development in this regard



Summary on the HET Group

The effort of the HET Group at BNL is shaped by the 
unique strengths and special responsibilities of a 
National Laboratory theory group.

Accomplishments of high scientific significance and impact

Well aligned with HEP National strategic plans and priorities

A central role in BNL’s core experimental programs & well aligned
with the DOE’s plan and mission

Closely coupled to Lab resources

Strong leadership roles in the scientific community

A strong role in the education and training of future scientists



Some Concerns
• We try extremely hard to be as cost effective as 

possible
• Huge Leverage: Goldhaber Fellowship, PECASE, 

DIVERSITY support…
• MORE LEVERAGE: LATTICE: Columbia, RBRC, 

RIKEN (JAPAN)…
• Significant  increase in computing hardware; 

hardware is essential but so are people if the 
hardware is to be used effectively

• Extremely concerned about post-doc reduction 
esp. also as  the LHC is in full swing(also loosing 
a student)



• Need regular student support & support for 
modest summer program

• SHOULD NOTE: Students & Post-docs tend to do 
rather well after BNL-HET: (last year Sholze,
Gopalakrishna, Jack Laiho , 3 moved to tenure 
track jobs)

• This year Almeida->Saclay; Kile-> Northwesten; 
Sturm->Munich

• Tightness of budget makes it extremely difficult to 
have even a modest summer program, support for 
students or meet very limited sabbatical request(s) 
(e.g. Wai Yee Keung [former PD]) 



BOTTOM LINE

• Budget shortfall, if not remedied,  can 
have very serious consequences for 
the health and the vitality of the 
group…
We believe we deserve more 
support and (alas!) we do 
desperately need more!



Group publications: Jan ‘09 –
May ‘10
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ENTIRELY NEW APPROACH: UT WITHOUT 
SEMI-LEPTONIC DECAYS
Lunghi+ AS, 0912.0002





Lunghi & AS, arXiv: 0903:5059


